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SUMMARY

All known artificial satellites launched before i January 1965 are listed

chronologically. Lifetimes, weights, dimensions and orbital details are given

for instrumented satellites and their final-stage rockets. Other fragments

from satellites are listed without these details. The methods used in compiling

the Table are described. Many improvements have been made since the previous

issue*
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INTRODUCTION

In 1958 the Royal Aircraft Establishment began issuing a Table of

artificial satellites, giving lifetimes, weights, dimensions anod orbits of all

known satellites. Regular issues of this Table have continued,, and an

extensively revised version, incorporating about a thousand improvements and

an index, was distributed in January 1965. This version, slightly amended,

forms the basis of the present Report.

Table 1 below gives the number of successful satellite launchings each

year and the number of resulting pieces in orbit - instrumented satellites

(often with spent rookets attached), separated rockets, and other detectable

fragments. Table I also gives a similar breakdown of the pieces still in orbit

on 1 January 1965.

Table I

Census of satellites
I - W

Year 1957 1958 1959 1960 1961 1962 1963 1964 Total

Launohings 2 6 11 18135 68 55 87 282fItrmtd 2 6 11 20 40 X7 1j7 102 329

Resulting Separated - - - - - -35-28---'-- I
pieces rockets -

iOther z 3 1 2 3 11 5 8 821fragments 2 3 1 20236 5 8 0A 488

Total,_ 5 1_ 15 50 289 190 167 228 955..... .. ' ' t , _ - t' .-1 t! -i. .

Decayed 5 8 10 22 66 11 87 117 456
I"  ' ' "  --- - -, - -

- 2 3 10 11 21 32 53
satellites -- - -____ __ 13

Stiflin Sp[ ae
ob - 1 2 6 3 14 12 23~ 61

Ote - - 121209 14 36 35 30
fragments -- -

-0r -Toa ,0, ° JL 28j 223 49 8°j"Ii 499



Until 1962 the number of successful launchings in each year was approxi-
mately equal to the total number in all preceding years. The number N of
launchings in year n of the Space Age, with 1957 as year 1, was given by

N g 1"1 x 2n (1 4 n 6) ,

with a maximum error in N of 2. Since 1962 this agreeably simple law has
failed, and for the past three years the number of launchings has varied between

55 and 87.

2 GUZ TOTAM 2

The detailed information about the individual satellites is collected in
Table 2, which follows page 10 of this Report. The data given, if available,
for all satellites other than fragments, are as follows.

Column I gives the name of the satellite and its astronomical designation.
If the name of the satellite is unknown, its launching vehicle is
indicated in square brackets. Doubtful entries are indicated by
question marks, here and throughout the Table*

Letters to the left of the column have the following meanings:

D denotes satellites no longer in orbit on I Januazy 1965.

M denotes manned satelliteso

R denotes satellites which returned to earth and were successfully

reooveredo

r denotes s atellites carrying capsules which returned to earth and
were successfully recovered.

T denotes satellites still transmitting radio signals on
31 December 1964..

For the fragments, D indioates that all the fragments have decayed;
id indicates that one has d ecayed; 2d indicates that two have decayed

etc.

Column 2 gives the launch date, the lifetime (actual or estimated), and the
descent date (if the satellite has decayed). Descent dates after the
end of 1964 are in brackets. The dates are given in days and deomals
of a day U.T. Thus "1958 Apr. 1 .08" means "01 hr 55 min U.T. (or G.M.T.)
on i4th of April 1958".
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Column 3 gives the shape of the satellite and its mass in kilograms.

Sometimes the shape defies description in a few words and the

description given is only approximate (I kg = 2.205 lb).

Column 4 gives the length and diameter of the satellite in metres (or just

the diameter, for a spherical satellite). Since most satellites so

far launched have been axially symmetric (or almost so), the length

and diameter usually suffice to specify the size. Aerials, paddles

carrying solar cells, and other components projecting from the main

body are not taken into account when giving the size.

(0 metre = 3.281 feet.)

Column 5 gives the date to which the orbital information in columns 6-12

applies.

Column 6 gives the inclination i of the orbit to the equator (see Fig.1).

Column 7 gives the nodal period of revolution, the time interval between

successive northward crossings of the equator by the satellite.

Columns 8-11 specify the size and shape of the orbit. The quantities tabulated

are the semi major axis a and eccentrioity e; and the perigee and

apogee heights, [a(l-e) - RI and la(1+e) - R1 respectively, where

R is the earth'a equatorial radius, 6378.2 km.

(1 km = 0.6214 statute miles = 3281 ft = 0.53% nautical miles.)

Column 12 gives the argument of perigee, W, defined as the angle, measured

round the orbit, from the northward equatorial crossing N to the

perigee P, i.e. the angle NCP in Fig.l.

The names of space vehicles which have escaped from the earth's influence

and do not appear in the Table are given at the ends of the appropriate pages of

the Table. Fuller details of the space veliicles can be found in Ref.1.

It should be noted that the pages of the Table are numbered independently

of this introductory text. The index at the end of the Table will be found

useful for locating satellites known by name but not by their international

designation.

3 M ODS USE)

3.1 Difficulties

The chief difficulty in compiling Table 2 is the lack of information about

the size, shape and weight of the majority of the satellites launohed in the

years 1962-4. Out of the 87 launchings in 1964., for example, 30 were of Cosmos,
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Elektron or Polyot satellites, and (apart from the shape of the Cosmos and
Elektron satellites 2 ) no information about these satellites or their rockets
seems to have been published. United States military satellites acoounted for
at least another 27 launohings during 1964,, and no details of these satellites
have been given, apart from the diameter of the Agena rockets. In contrast, full
details are available of satellites launched by NASA. Our methods of combating

these difficulties are outlined in section 3.4.4 Numerous uncertainties remain,
however, and we regret the maxV blank entries in the Table.

3.2 Names and designations of satellites

The names given by the launching authorities are indicated whenever they are
known. For unnamed United States Air Force satellites., the laurching vehicle is
given in square brackets. The name 'Midas' has been retained for all Agena-type
satellites in near-polar, near-circular orbits at heights close to 3700 kin, since
observers find it useful to have a distinctive label for these satellites. The
name 'Transit' has been given to those satellites in near-circular polar orbits at
heights close to 1000 km which are believed to form a continuation of the navigation-

satellite project formerly known as the Transit system.

Some of the names are given as initials only, and the meanings of these (for
satellites launched in 1964) are as follows: GGSE = gravity gradient stabilization
experiment; IMP = interplanetary monitoring platform; OGO = orbiting geopysical
observatory; SECOR = sequential collation of range; SR = solar radiation;
TRS = tetrahedron research satellite,

The international designation of each satellite launching is now satisfactorily
allocated by the World Warning Agency on behalf of COSPAR. But the identification
of particular pieces in a multiple launch has often depended on visual observations,
since an experienced visual observer can often recognize the species of rocket or
satellite he is looking at, and can usually distinguish easily between a satellite
and its rocket. Small pieces which are, as far as is known, not instrumented
satellites, are called fragments. The lists issued by the United Nations are
helpful in identifying fragments.

3.3 Lifetimes

The orbits of most satellites contract slowly under the action of air drag,
and the severity of the drag determines their lifetimes, which can be estimated

from the rate of change of orbital period, using the theoretical formulae 3 5 * It
is thus tacitly assumed that their orbits will suffer no major disturbances in the
future - from the burning of residual propellants or impacts by meteors, etc. -
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and that the satellites will not be swept up as space-rubbish. For most

short-lived satellites (< 3 years life) the lifetime estimates are usually

accurate to within 1C%. For long-lived satellites (> 5 years life), the life-
times are less oertain, since they depend critically on solar activity, which
controls the air density: it has been assumed that the average solar activity

in future sunspot cycles will be the same as the average between 1959 and 1964,

and that the dates of the next few sunspot maxima and minima are as predicted

in Ref.6.

For some of the satellites in high-eccentricity orbits, such as

Explorers 12, 14s, 18, 21 and 26, OGO 1, and Elektrons 2 and 4,, the lifetime
depends primarily on luni-solar perturbations rather than air drag, and lifetime
estimates are often rather uncertain for these satellites.

3.4+ Weights and dimensions

The weights and dimensions of the satellites come from various sources -
Spaoewarn' telegrams, NASA Press Releases, Pravda, the satellite observing notes

issued by the Radio Research Station, Slough, the International Geophysics
Bulletins of the U.S. National AcadeW of Sciences, and other sources, including
Press reports. Some indication of the accuracy of the individual weights and
dimensions is given by the number of significant figures. Often it is difficult
to define the 'length' of a satellite which bristles with aerials, eto, and

lengths are therefore sometimes approximate.

For satellites whose weights and sizes have not been published, the following

procedure can be adopted. First, the average cross-sectional area S can be
approximately determined from the average brightness when observed visually; then,
if the satellite is non-spherical, its length/diameter ratio can be estimated
approximately from the variations in brightneas. Final3,y the mass/area ratio
m/s can be obtained from the rate of change of orbital period and the air density
at perigee height. To apply this procedure to all relevant satellites would be
a lengthy task, and we have used it only on small samples, assuming that all

satellites of a particular type are similar.

The dimensions given in Table 2 were derived as follows. The sizes of the

Cosmos and Elektron satellites and rockets have been based on the values given by

Pilkington7 . For the Vostok satellites the masses are known and mas4/area ratios
have been calculated from the rates of change of orbital period: this gives the
effective cross-sectional area and hence the diameter if, as is probable, the
Vostoks are stabilized with axis tangential to the orbit. For Agena rockets

launched by the United States Air Force, the published diameter of 1"5m has
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been given; the length of the Agena rocket alone averages about 6m, but the

satellites also carry payloads, which may presumably increase the length by up
to about 4m. So the lengths are given as 8m? , implying 8 t 2m.

Once the crose-seotional area is approximately known, mass/area ratio is

determined from the rate of change of orbital period, and hence values are found
for the masses of the satellites. The most careful estimates of mt which we have

made are for various Cosmos satellites (and two others) and are obtained from
Ref*8.

They are as follows:

Satellite MSkg -)Satellite j/ gm
Cosmos 2 190 Cosmos 38 100

" 5 150 " 39 100
" 8 220 Star-rad (Agena) i4o

" 11 170 1962 T1 290

25 170

26 220

31 170

All the Cosmos satellites in the first column above were in orbits of 490 inclina-
tion, and since the values of m/S do not depart from 200 kg&2 by more than 25,

this value has been adopted for all 49+ Cosmos satellites in Table 2. Several
other values of m/S for Agena rockets have been calculated and generally lie fairly

close to 140 k&/m 2. Similarly a number of values calculated for Cosmos rockets

were close to 70 kg'm 2  The weights assigned to the various Agena and Cosmos rockets
are derived from these values of 4/S1

We hope that most of the weights and dimensions given with question marks

are accurate to within a factor of 1*5. It seemed better to give some indication
of the weights and sizes, even it approximate, than to leave blanks.

3.5 Orbital accuracy

Orbital information has come from marW different sources. More than half
of the orbits have been based on information issued in the United States Spadats/

Spacetrack Bulletins, while the remainder come mainly from three sources, the
Smithsonian Astrophysical Observatory, NASA and R.A.E. It is impracticable to

give full references, and indeed inappropriate, since many of the orbits have
been smoothed and altered whenever they appeared inconsistent, following methods

described previously 9 .
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The accuracy of the orbits varies greatly between one satellite and
another, and no detailed guide can be given. Most orbits which are free of
question marks, however, are believed to have an error (s.d.) of about 0.030
in orbital inclination, 0.02 min in period, 2 km in semi major axis, 4 km in
perigee and apogee heights (for apogee heights less than 2000 kin), 0.001 in
eccentricity e,and perhaps 30 in argument of perigee (if e > 0.02). Some orbits
are much more accurate than this, and some, particularly those with eccentricity
exceeding 0.2 or with very short lifetimes, may be much less accurate.

4 RADIO TRANSMISSIONS

It is difficult to give precise information about radio transmissions from

satellites for various reasons. Many satellites operate on command only, and the
state of health of their transmitters is known only to those concerned with
giving the commands, Other satellites transmit either sporadically or only when
they have been in full sunlight for longer than a (variable) minimum time. Since
there are so marW uncertainties we have decided not to give a table of frequencies,
but merely to indicate the frequencies used by various types of satellites.
Details of the operating frequencies of United States non-military satellites can
be found in the fortnightly NASA Satellite Situation Report.

Most scientific satellites launched by NASA operate on frequencies between
136 and 137 Mc/s: the outstanding exception is the veteran Vanguard i, which is
still transmitting while in sunlight, on 108.0 Mo/s. OGO I has additional fre-
quencies near 400 Mo/s, and the Syncom conmunication satellites use further
frequencies between 1814 and 1821 Mc/s. Satellites of the Transit and associated
systems, operate either on 150 and 400 Mo/s or on the four linked frequencies
54, 162# 324 and 648 Mo/s. The Russian Cosmos satellites normally operate at
frequencies near 20 Mo/s and sometimes also near 90 Me/s.

LCxNLEGKWNS

We are greatly indebted to the various sources mentioned in the text for
making available information about the satellites. We also thank Mr. J.A. Pilklngton
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Pa. 67

Index to "Table of Artificial Earth Satellites"

Name Designation Pae Name Designation Page

Alouette 1962 pal 27 Cosmos 44 1964-53A 59
Anna i B 1962 p1 28 " 45 1964-55A 59
Ariel 1 1962 ol 20 46 1 964-59A 60
Ariel 2 1964-15A 49 " 47 1964-62A 61
Atlas 1958 r 2 " 48 1964-66A 62
Aurora 7 1962 I 21 " 49 1964-69A 63

" 50 1964-70A 63
" 51 1964-80A 65

Beacon 1964-64A 61 Courier 1B 1960 vi 8

Centaur 2 1963-47A 42 Discoverer 1 1959 P 3
Centaur 4 1964-82A 65 " 2 1959 y 3
Cosmos 1 1962 61 19 " 5 1959 e 1 3
" 2 1962 L1 19 " 6 1959 4 4
" 3 1962 vi 20 " 7 1959K 4
it 4 1962 F1 20 " 8 1959?. 4
I 5 1962 vi 21 " 11 1960 8 5" 6 1962 a8i 23 13 1960 E 7
it 7 1962 LI 24 14 1960K 8

8 1962 a-I 25 " 15 1960 - 8
9 1962 wl 26 17 1960 o 9

10 1962 9I 27 18 1960 a 9
11 1962 001 28 " 19 1960 T 9
12 1962 OW 31 " 20 1961 ei 11
13 1963-6A 32 " 21 1961 4 11
14 1963-1 CA 33 " 23 1961 ),1 12
15 1963-I1A 33 " 25 1961 F 1 13
16 1963-12A 34 " 26 1961 x 13
17 1963-17A 35 29 1961 * 15
18 1963-18A 35 " 30 1961 w 15
19 1963-33A 39 31 1961 ap 15
20 1963-40A 40 " 32 1961 ay 1 15
21 1963-44A 41 " 34 1961 az 1 16
22 1963-45A 42 " 35 1961 a4I 16
23 1963-50A 43 " 36 1961 aKI 17
24 1963-52A 43 " 37 1962 8 18
25 1964-ioA 47 " 38 1962 E 18
26 1964-13A 48
27 1964-14A 48

" 28 1 964-7A 49 Echo 1 1960 Li 7
29 1964-21A 50 " 2 1 964-4A 46

" 30 1 964-23A 51 Electron I 1 964-6A 46
31 1 964-28A 52 " 2 1 964-6B 46

" 32 1964-29A 52 " 3 1 964-38A 54
33 1 964-33A 53 " 4 i 964-38B 5434 1 964-34A 53 Explorer 1 1 958 a 2

" 35 1964-39A 55 " 3 1958 y 2
36 1964-42A 55 " 4 195 8 e 2
37 1964-44A 56 " 6 1959 81 3
38 1964-46A 57 " 7 1959 i 4
39 1964-46B 57 " 8 1960 l 8
40 1964-46C 57 " 9 1961 8i 11
41 1964-49D 58 10 1961 KI 12
42 1964-50A 58 11 1961 v 13
43 1 964-50C 58 12 1961 9 14



Paoe 68

Name Designation Page Name Designation Page

Explorer 13 1961 x 15 Needles 1963-14J 34
14 1962 pyl 27 Nimbus 1 1964-52A 59
15 1962 PXI 28
16 1962 OX 31
17 1963-9A 33 Ogo 1964-54A 59
18 1963-46A 42 Oscar 1 1961 ax 2 17
19 1963-53A 44 Oscar 2 1962 X 2  22
20 1964-51A 58 Oso I 1962 rI 18
21 1964-60A 60
22 1 964-64A 61
23 1964-74A 64 Polyot I 1963-43A 41
24 1 964-76A 64 Polyot 2 1 964-i 9B 50
25 1 964-76B 64
26 1964-86A 66

Radiation Sat. 1963-38C 40
" o 1964-83C 65

Faith 7 1 963-15A 35 Radose 1 963-21 D 36
Friendship 7 1962 y1 18 Ranger 1 1961 oi 14

" 2 1961 -, 17
Relay I 1962 P vI 30

Gemini I 1 964-1 BA 50 " 2 1 964-3A 45
GGSE 1964-lB 45
Greb 1 1960 12 7
Greb 3 1961 02 13 Samos 2 1961 ai 10
GRS 1 963-26A 37 San Marco I 1964-84A 66

Saturn SA5 1 964-5A 46
" SA6 1 964-25A 51

Hitchhiker 1963-25B 37 " SA7 1964-57A 60
Secor 1964-IC 45
Sigma 7 1962 (81 27

Imp 1 1963-46A 42 Sputnik 1 1957 c2 I
Imp 2 1964-60A 60 " 2 1957 P1 I
Injul 1 1961 o2 13 " 3 1958 62 2
Injun 3 1962 Pr2 30 " 4 1960 el 6
Injun 4 1 964-76B 64 " 5 1960 wI 8

6 1 9 6 0 p1 9

7 1961 31 10
Lofti 1 1961 n 11 " 8 1961 y1 10
Lofti 2A 1963-21B 36 " 9 1961 E1 11
Luna 4 1963-8A 33 1 10 1961 LI 12
Lunik 3 1959 e 4 " 19 1962 (ix1 25

20 1962 av 25
21 1 962 (c1 26

Mars 1 1962 pvl 28 " 22 1962 PLI 28
Mercury 4 1961 aI 15 " 23 1962 Pv1 28

" 5 1961 aLo 17 " 24 1962 PE1 29
" 6 1962 y1 18 " 25 1963-lA 32
" 7 1962 rI 21 " 26 1963-8C 33
" 8 1962 p81 27 SR 4 1963-21C 36
" 9 1963-15A 35 SR 5 1964-ID 45

Midas 2 1960 r1 6 Starflash IA 1964-30A 52
" 3 1961 ol 14 Starflash lB 1964-48A 57
i 4 1961 ab 1 16 Star-rad 1962 PK 28
" 5 1962 Ki 19 Surcal 1963-21F 36

6 1963-14A 34 Syncom 1 1963-4A 32
" 7 1963-30A 38 i 2 1963-31A 38

" 3 1 964-47A 57



Pop 69

Name Designation Page

Telstar 1 1962 azi 23
" 2 1963-I3A 34

Tiros 1 1960-02 5
" 2 1960 %1 9
" 3 1961 Pi 14" 4 1962 01 18
" 5 1962 aal 22
" 6 1962 a*I 26
" 7 1 963-24-A 37
" 8 1963-54A 44

Titan 3A 1 964-8iA 65
Traac 1961 aT12 16
Transit IB 1960 Y2 5

" 2A 1960 ri 7
" 3B 1961 -n 11
f 4A 1961 o1 13
it 4B 1961 anl 16

5A 1 962 0'1 31
1 963-22A 36
1963-49C 43

"t 1964-83D 66
TRW 1A 1963-14B 34" iB 1 963--14C 34

i 1C 1963-30B 38
" 2 1963-39B 40
" 1964-40c 55

Vanguard 1 1958 P2 2
2 1959 mI 33 1959 il 4

Vela i 1963-39A 4-0
" 2 1963-39 C 40
" 3 1 964-40A 55
" 4 1 964-40B 55

Venus Probe 1961 yi 10
Voskhod I 1964-65A 62
Vostok 1 1961 il 13

" 2 1961 r1 14.
it 3 196 2 a01 24
it 4 1962 avl 24
" 5 1963-20A 36
if 6 1963-23A 37

Zond 1 1964-16 49
Zond 2 1964-78 64
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